We present a tree level approach to the issue of the de ection of photons by the gravitational eld of the Sun, treated as an external eld, on the basis of R + R 2 gravity. We show that the de ection angle of a photon grazing the surface of the Sun is exactly the same as that given by general relativity. An explanation for this strange coincidence is provided.
I. Introduction
One of the simplest and most enduring ideas for extending general relativity is to include in the Einstein's gravitational action terms involving higher powers of the curvature tensor. These extra terms neither break the invariance of the action under general coordinate transformations nor can be excluded by a n y known principle. If, for instance, we include only a term pro- , respectively. Thus, at small enough energies, or at very long distances, the quadratic term is negligible and R + R 2 gravity reduces to general relativity. Accordingly, for small values of the energy E of incident radiation E 0 we expect the measurements of the solar gravitational de ection to be in excellent agreement with general relativity. As a matter of fact, in the measurements of the solar gravitational de ection of the radio waves E 1cm ,1 , Fomalont and Sramek 2 found a value of 1:760:016 arcsec for the de ection at the solar limbs the prediction of general relativity i s 1.75 arcsec. Therefore, a non negligible contribution of the quadratic term to the solar gravitational de ection of starlight E 10 5 cm ,1 is to be expected. Incidentally, the mean value of the de ection of light at the solar limb obtained by a veraging over the measurements made on all eclipses expeditions to date is 2.04 arcsec. These considerations lead us to conjecture that R + R 2 gravity should provide a value for the de ection angle of starlight which passes the Sun's limb on its way t o t h e Earth nearer to the experimental value than that given by general relativity. We address this question here. To do that we compute the scattering of a photon by the Sun's gravitational eld, treated as an external eld, on the basis of R + R 2 gravity.
We show in Sec. II that only in the absence of tachyons in the dynamical eld does R + R 2 gravity give an acceptable newtonian limit. In Sec. III we compute the gravitational eld of the Sun, treated as a point particle, in the weak eld approximation. In Sec. IV we calculate the cross-section for the scattering of a photon by an external gravitational eld and show from this result that the de ection angle of a photon grazing the surface of the Sun predicted by R + R 2 gravity i s exactly the same as that provided by general relativity. An explanation for this strange coincidence is given in Sec. V.
Natural units are used throughout c =~= 1. In our notation the signature is + , , ,. The curvature tensor is de ned by R = ,@ , + , the Ricci tensor by R = R , and the curvature scalar by R = g R , where g is the metric tensor.
II. Absence of tachyons as a condition for R +R 2 gravity t o g i v e a n acceptable newtonian limit
The e ective nonrelativistic potential for the gravitational interaction of two identical massive bosons of zero spin see Fig. 1 is 
The Feynman amplitude for the reaction displayed in Fig. 1 where M 2 0 is supposed to be positive since we are assuming the absence of tachyons in the dynamical eld see the previous section. This equation is solved in detail in Ref. 4 The corresponding photon-external-gravitational-eld vertex is shown in Fig. 3 . Therefore, the Feynman amplitude for the process displayed in Fig. 3 is of the form So, we come to the conclusion that the prediction of R+R 2 gravity for the de ection angle of a photon passing near to the Sun is exactly the same as that given by Einstein's theory, namely, = 1 :75 arcsec:
Actually, it is a paradox that two quite di erent gravitational theories could lead to the same value for the solar gravitational de ection. Where such a strange coincidence came from? We discuss this important matter in the next section.
V. A general result
We have argued that the quadratic term of R + R 2 gravity theory should give a non negligible contribution to the gravitational solar de ection of starlight E 10 5 cm ,1 . However, a careful calculation at the tree level showed that the de ection angle of a photon passing near to the Sun's surface is the same as that predicted by Einstein's theory. In other words, the quadratic term does not contribute anything to the gravitational solar de ection. How can we explain this unexpected result? First of all, we note that at the tree level, since gravity theory is conformally related to Einstein's linearized theory. The previous result clearly shows why w e arrive at the same value for the solar gravitational de ection whether we use R + R 2 gravity or Einstein's gravity. To conclude, we call attention to the fact that Whitt 6 and Teyssandier 7 studied the equivalence of the above theories in a quite di erent context.
